ABSTRACT
INTRODUCTION
Mulberry (Morus spp.) is a perennial tree cultivated as a seasonal crop by regular pruning and training for sustained supply of foliage to rear the silkworm Bombyx mori L, which feeds only on mulberry leaves. As leaf productivity is one of principal factors that decide the sustainability and profitability of sericulture, good quality mulberry leaf increases the cocoon productivity and quality of silk [1] . Mulberry leaf quality deterioration, due to biotic and abiotic stresses, has increasingly been felt in tropical and subtropical regions where leaf yield was also less due to accelerated leaf fall during the winter months. Varieties with delayed leaf senescence can be of much use to reduce leaf fall and to provide better yield during the colder months [2] . This can make a huge difference in the availability of mulberry leaf during this highly favorable season for silkworm rearing. It is also found that some major disease of mulberry like powdery mildew caused by Phyllactinia corylea occur mostly during the winter month which further aggravate the problem of reduced leaf availability [3, 4] . Thus, it is essential to develop varieties, which are insensitive to seasonal variations. Cold tolerance is known to be a quantitative trait mostly associated with other abiotic stress tolerance like drought and salinity [5] as delayed leaf senescence was found associated with higher drought tolerance [6] . In order to harness the natural variability in the germplasm, meticulous screening of germplasm for target traits and subsequent selection of appropriate parents, are required. Information on the heritability of characters is one of the prerequisite for proper planning of breeding programs. Therefore, in the present paper attempts were made to assess the phenotypic variability, heritability and genetic advance and inter-relationship of different yield and yield attributes in mulberry keeping the trait delayed senescence in mind.
MATERIALS AND METHODS
Nine mulberry genotypes viz., C-6, CT-9, CT-11, CT-15, CT-44, CT-94, CT-156, CT-185, and CT-210, developed through systematic breeding, involving 9 female, 9 male, 3 open and 2 self pollinated sources (Table  1) , were selected and evaluated under final yield trial (FYT) for 3 years keeping the current ruling variety "S-1635" as control. The plantation was made with 49 plants in each replication with 60 × 60 cm spacing under Randomized Block Design with 3 replications. Recommended cultural practices were followed [7] and after one year of establishment in the field, data were recorded by following a 5-crop schedule for consecutive 3 years. Data from the middle 25 plants were recorded on various yield attributing traits such as number of tillers (NT); plant height (HT), total shoot length (TSL), nodal distance (ND), leaf fall % (LF), number of leaves per plant (NLP), weight of 100 leaves (WCL), weight of 100 dry leaves (WCLD), single leaf area (SLA), leaf area index (LAI), aboveground biomass (AGB), leaf harvest index (LHI) and leaf yield (LY) were recorded. Data was statistically analyzed for genotypic (GCV) and phenotypic co-efficient of variance (PCV), broad sense heritability and genetic advance (GA) following Burton [8] and Lush [9] , respectively. Genotypic, phenotypic and environmental correlations between yield and yield attributing characters were also estimated. 
RESULTS AND DISCUSSION
The extent of variability present among the yield and yield attributes is presented in Table 2 . The maximum range of variability was observed in WCL followed by WCDL, SLA, LY and LAI with 0.73, 0.65, 0.62, 0.50 and 0.47 fold, respectively, and the least was in LF (0.07 fold). The phenotypic, genotypic and environmental variances of 12 yield attributes are also presented in Table 2. A perusal of data indicated that the characters were greatly influenced by environment as the phenotypic variances were always greater than their genotypic variances. In accordance with the variability, maximum phenotypic variance was observed in TSL (6842.06) followed by WCL (5976.65) and SLA (1828.79) indicating the maximum influence of environment on these characters and comparatively minimum range of variability and phenotypic variance was recorded in LF (14.73) showing the genetic control of delayed senescence characteristic in the genotypes. However, the least phenotypic variance was observed in ND followed by NT, LAI, LY and AGB indicated the strong genetic control on the expression of these characters. Significant genotypic (GCV) and phenotypic co-efficient of variance (PCV) were observed for yield and different yield attributing characters. The PCV was higher than the GCV for all the characters and it ranged between 0.155 (ND) to 6842.063 (TSL). The maximum GCV was in TSL, weight of 100 leaves. Single leaf area revealed the maximum influence of environment factors on its expression. The phenotypic coefficient of variation was higher than the genotypic coefficient of variation for all the characters and was highest in leaf fall % (25.126), weight of 100 leaves (20.963), LAI (20.797), leaf area (20.010) and was least in LHI (5.911).
The selection efficiency was higher when the parameters had higher heritability. Estimation of genotypic coefficient of variation and heritability gives the best information for getting desirable characters through parental selection and hybridization [10] . Difference between PCV and GCV was minimum in all characters except that in number of tillers, plant height, TSL and NLP suggesting higher influence of environmental factors on these characters. Heritability (h 2 ) was highest in weight of 100 leaves (63.94) followed by in leaf fall % (53.317), The heritability estimates along with genetic gain is more useful than heritability alone in predicting the resultant effects of selection [11] . Earlier studies in mulberry also stated that quantitative traits with high h 2 and GA responded better than others to simple phenotypic selection as they contribute to additive gene action, which will aid in effective selection for obtaining genetic improvement of polygenetic traits in mulberry [12] . In the present study also, high GA, as % of mean, coupled with high heritability was observed for the characters viz., leaf fall (h 2 = 53.31; GA% = 23.44); weight of 100 leaves (h 2 = 63.942; GA% = 22.89); single leaf area (h 2 = 52.95; GA% = 18.54); weight of 100 dry leaves (h 2 = 48.82; GA% = 17.91); and leaf yield (h 2 = 48.38; GA% = 12.96). This higher GA suggested the preponderance of additive gene action with low environmental influence in determining the expression of these characters and could be useful for selecting senescence delayed mulberry varieties. Similar findings of high h 2 and GA% was reported for the characters viz., leaf yield, weight of 100 leaves (both fresh and dry) and SLA among 9 different species of mulberry [13] . A high h 2 coupled with high GA% for the characters viz., leaf area and weight of 100 leaves (fresh) were observed among 77 mulberry germplasm accessions [14] . Moderate GA% coupled with high h 2 noticed for the characters viz., ND, LAI and AGB indicated the possible control of intra and interallelic interactions in the expression of these characters.
Correlation among the 12 yield attributing characters revealed substantial differences between phenotypic and genotypic correlations (Table 3) . Predominantly, the magnitude of genotypic correlations was higher than their corresponding phenotypic correlations, except between TSL and HT; TSL and ND; TSL and NLP; TSL and WCLD; TSL and SLA, TSL and LHI; TSL and AGB; TSL and LY; LAI and NLP and AGB and HT.
Leaf fall (%) had significant negative correlations with all important yield attributing characters with high heritabilty viz., SLA, LAI, ND and PH. Nodal distance was ranged between 4.35 to 5.12 cm and the optimum value range was 4.5 to 5.5 cm [15] . Leaf yield had significant positive correlations with all the yield attributing characters except HT and LF%, which showed significant negative correlations.
Therefore, the yield attributes, which are genetically controlled having high heritability and GA and also having significant positive association with leaf yield, viz., ND, WCL, WCLD, SLA, LAI, AGB and LHI and significant negative correlation with leaf fall (%) are worth considering for parental selection aiming to develop high yielding mulberry varieties with delayed leaf fall during the winter months.
